Algae, primarily the blue-green varieties, have been identified on numerous occasions as toxicants, irritants, and allergens in man and other animalsls. The colorless algal genus Prototheca is considered to have been derived from the green algae such as the genus Chlorellal*2*8.
Report of Cases
These cattle were slaughtered in federally inspected abattoirs. They were clinically normal on antemortem inspection, but lesions were discovered on routine postmortem inspection. Because of the unusual gross appearance, portions of the lesions were fixed in 10% buffered formalin and submitted for histologic examination. Culture was not attempted.
A 15- year-old cow (Case 1) in poor condition was slaughtered in Texas. All organs were normal except for the suprapharyngeal, atlantal, cervical, bronchial, posterior mediastinal, mesenteric, colic, and portal lymph nodes, which were enlarged, hard, and green.
An aged cow (Case 2), slaughtered in California, had multiple caseous nodules of various sizes on the peritoneum. The lymph nodes had small calcific foci. were no longer of greenish discoloration.
Histopathologic Findings Case 7. Portions of liver, spleen, kidney, lung, and lymph nodes were studied, but only the lymph nodes had lesions. There was a diffuse granulomatous lymphadenitis characterized by large accumulations of epithelioid cells and many giant cells, including several of the Langhans' type. These formed discrete granulomas, which were surrounded by fibrous tissue and varying numbers of lymphocytes, plasma cells, and eosinophils ( Fig. 1 ). None of the granulomas had caseous centers, nor was there other areas of necrosis. The capsule was thickened with fibrous tissue and contained discrete granulomas. Numerous spherical organisms, from 15 to 20 p in diameter, were in the cytoplasm of some of the epithelioid and giant cells (Fig. 2) . These organisms in an unstained smear of the formalized tissue had a thick, refractile cell wall. In hematoxylin and eosin (H&E) sections, the wall of the organism was thin and poorly stained, sometimes with a thin gray ring on its innermost margin. The cell wall was moderately birefringent and stained well with periodic acid-Schiff (PAS) methods and Gomori methanamine silver (GMS), Gridley's fungus, and Mayer's mucicarmine stains. Some of the organisms had focal mural thickening. Between the cell wall and the cytoplasm was a thin clear zone, probably an artefact caused by cytoplasmic shrinkage. The cytoplasm was ovoid, conformed to the general shape of the organism, and consisted of an abundant amount of foamy, weakly basophilic material. The cytoplasm contained numerous spherical granules of various sizes, some over 0.5 p in diameter ( Fig. 3) , which also gave a strongly positive reaction to the PAS and GMS stains. Similar granules were within epithelioid cells, indicating that the cytoplasmic granules were released and phagocytosed. These granules in frozen sections were birefringent, the pattern jn some resembled a Maltese cross, and they did not absorb the oil red 0 stain for fat. The intensity of staining of the cytoplasm vaned according to the abundance of granules. A spherical, basophilic nucleus, measuring from 5 to 7 p in diameter, was centrally located. Commonly, multinucleate organisms with 2 to with many resembling a 3-leaf clover and occasionally a 4-leaf clover. The nuclei reacted positively to Feulgen tests.
Two to 4 daughter cells occurred within the parent cell wall ( Fig. 5 ).
On H&E-stained sections, the organisms were difficult to differentiate from some of the host cells because of similarities in size, shape, and staining characteristics. With Mayer's mucicarmine stain the cell wall of the organisms stained a bright pink, enabling easy differentiation of the organisms from the host cells ( Fig. 6) .
These organisms were morphologically and histochemically similar to Prototheca segbn~ena3~4. Case 2. The specimen contained representative peritoneal nodules and an unidentified lymph node; both had calcific foci. The lymph node was diffusely involved by a granulomatous process similar to that in Case 1, except for a lesser amount of fibrous tissue and less disruption of nodal architecture. Large accumulations of epithelioid cells were especially prominent in the subcapsular and trabecular sinuses. The epithelioid cells and giant cells had an abundance of cytoplasm and contained organisms similar to those in Case 1, as well as large amounts of phagocytosed granules. These granules reacted positively to the PAS and GMS stains. The nuclei of these epithelioid cells were eccentric. Several small encapsulated foci of concentric laminated calcific deposits were around degenerated organisms.
The peritoneal nodules were areas of severe proliferative peritonitis with numerous papillary projections covered by a single layer of cuboidal to low columnar mesothelial cells. The papillary stroma was a dense, fibrous tissue and contained many small collections of lymphocytes and scattered epithelioid cells, giant cells, plasma cells, mast cells, and eosinophils. Organisms similar to those in Case 1 were in the cytoplasm of the epithelioid and giant cells ( Fig. 7) . Many small calcific deposits similar to those in the lymph node were scattered throughout. The nidus of each calcified body was a degenerated organism. Case 3. The lymph node was involved diffusely by a granulomatous process similar to that in Case 2, except that the accumulation of epithelioid cells was much more extensive (Fig. 8 ). Many germinal centers were replaced and sinuses obliterated. Discrete tubercle-like granulomas were not seen. Focal areas of epithelioid cells occurred in the capsule. The epithelioid cells had an abundance of cytoplasm and eccentric nuclei. Organisms similar to those in Cases 1 and 2 were in the cytoplasm of epithelioid and giant cells. Section stained with Mayer's mucicarmine demonstrating a darkstaining cell wall (l), foamy cytoplasm (2) , and a nucleus that is undergoing divi- 
Discussion
The lack of unfixed tissues precluded cultural identification of the organism. The organisms in each of these 3 cattle were morphologically and histochemically similar to P. segbwenaa, the name given to an organism that caused a granulomatous reaction on the skin of the foot and later spread to one of the femoral lymph nodes of a rice farmer in Sierra Leone. The organisms found in these cattle may be P. segbwena; since they were not isolated in culture this cannot be confirmed. Reproduction of the organism apparently starts by nuclear division and is followed by cytoplasmic cleavage of the cell wall without division*. This results in 2,4, and then 8 daughter cells, which are released when the wall of the parent cell ruptures. With the use of PAS and GMS stains, large, discrete cytoplasmic granules were found in the organisms of the cattle, such as were found in organisms of man3 and deer7; but none was demonstrated in the dog16. The granules were most abundant in the large unicellular forms with an undivided nucleus, suggesting that these forms represent the stage just prior to internal cleavage. Some of the granules had a Maltese-cross pattern of birefringence, indicating that they contained starch. The positive Feulgen reaction suggests the presence of desoxyribonucleic acid in the nuclei of these organisms.
It is impossible to determine the pathogenesis in these cattle because of the scant data. In both man3 and deer7 however, lymph nodal involvement followed a primary cutaneous infection, and it may be that the cattle had a primary cutaneous lesion that was healed or overlooked at necropsy, or perhaps the organism had a predilection for lymph nodes. In support of the latter, Case 1 had systemic spread of the organisms with involvement of only the lymph nodes; the liver, spleen, kidney, and lungs were normal. The involvement of the mesenteric and colic lymph nodes suggests that the organisms may have been carried to them by the lymphatics from the intestinal tract. In Cases 1 and 3, the involvement of the suprapharyngeal lymph node suggests a primary infection of the oral mucosa. In Case 2, the peritoneal lesions may have been caused by leakage of gastrointestinal contents containing the protothecal organism into the peritoneal cavity. phagocytosed and degenerated organisms. A similar tissue response was noted in the lymph node of the deer7. The lymph node in Case 2 represents a later stage of the disease, inasmuch as there was an apparent attempt by the organisms to localize, as evidenced by tubercle-like granulomas. The lymph nodes in Case 1 represent a still later stage of the disease, as the normal architecture of the lymph nodes was almost completely obliterated by widespread tubercle-like granulomas and fibrosis. The granulomas were similar to those in the femoral lymph node in man reported by DAVIES and WILKINSON~.
The extensive proliferation of the mesothelial cells in the peritoneal nodules in Case 2 was a prominent feature not generally seen in the usual cases of chronic peritonitis. In the latter there is a predominance of fibrous tissue, and the mesothelial cells are inconspicuous.
The cause of the greenish appearance of the lymph nodes in Cases 1 and 3 is undetermined, but we believe that the cytoplasmic granules in the organism may be responsible. Eosinophils are probably too few to be responsible. In view of its yeastlike appearance in tissue sections, Prototbeca sp. must be differentiated from Coccidioides immitis6, which forms endospores and has a double, contoured wall; Helminthosporum sp.13, which forms bulbous hyphae; and Hartmannella sp.9, which contains a karyosome.
Though animal inoculation was not done with specimens in this report, the pathogenicity of protothecal organisms in laboratory animals has been demonstrated by several investigators103 123 14.
Summay
This is the first report of the presence of organisms of Protothecu sp. in the tissue of cattle. Three cases are reported, and in each the organisms histologically resembled Protothecu regbwenu. They provoked an extensive granulomatous lymphadenitis characterized by large accumulations of epithelioid cells. In 1 case, the organism caused multiple foci of proliferative peritonitis characterized by marked proliferation of mesothelial cells.
Zusammenfassung
Es wird erstmalig iiber das Vorkommen von Protothecu-Organismen im Gewebe von Rindem berichtet. 3 Falle werden mitgeteilt und in jedem entsprachen die Organismen histologisch Protothecu segbwenu. Sie verursachten eine ausgedehnte granulomatose Lymphadenitis mit grossen Anhaufungen epitheloider Zellen. In einem Fall erzeugten die Organismen multiple Herde einer proliferativen Peritonitis, die durch starke Wucherung mesothelialer Zellen gekennzeichnet war.
